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Invasion of epithelial cells by Shigella is a critical step in the pathogenesis of bacillary dysentery. In this issue
ofCell Host &Microbe, Bergounioux et al. (2012) uncover a complex interplay of proinvasion, prosurvival, and
prodeath signals centered on the activation of calpain protease by the Shigella VirA protein.All higher organisms have developed
intrinsic genetically fixed programs that
constantly sense multiple different
parameters of cell life to monitor their
integrity. Increase in cellular stress or
damage ultimately leads to the induction
of cell death programs that kill the
damaged and potentially dangerous cell,
thereby avoiding harm to the organism.
For example, DNA damage caused by
irradiation or chemicals is a cellular stress
that may directly affect cell life or harbor
the risk of eventually undergoing transfor-
mation to a cancer cell. Another form of
massive cellular stress is infection by viral
or bacterial pathogens that utilize the cell
as a niche to replicate, consume nutrients
of the cell, and thereby disturb cellular
homeostasis. The default response of
the cell in both scenarios is to commit
suicide by initiating the apoptotic pro-
gram. The natural protective apoptosis
response is altered in virtually all trans-
formed and infected cells. Whereasmuta-
tions in genes controlling cell death cause
stable defects in tumor cells, the modifi-
cation of host cell death by bacterial
pathogens is mostly transient, e.g., by
interfering with cell death signaling.
Shigella, the causative agent of abloody
diarrhea in humans, provides a prime
example of how pathogenic bacteria
modulate host cell death. This pathogen
travels through the lumen of the human
intestinal tract and traverses the gut
epithelial layer in the colon. The cytosol
of mucosal epithelial cells is the preferred
niche for Shigella to replicate and spread
to neighboring cells, while remaining
invisible to the immune system. But
before Shigella can invade epithelial cells,
it has to survive the attack of phagocytes.
Shigella rapidly and actively kills phago-
cytes by injecting bacterial proteins that
induce a special form of cell death and
at the same time trigger a strong inflam-matory response (Zychlinsky and Sanso-
netti, 1997). A surprising earlier observa-
tion was that, in contrast to the death
of phagocytes, infected epithelial cells
remain alive despite an overwhelming
bacterial burden (Mantis et al., 1996). Do
the bacteria avoid stressing infecting
epithelial cells? This is apparently not the
case, since infection causes damage of
mitochondria and oxidative stress, which
eventually also kills epithelial cells.
However, early during infection Shigella
effectively counteracts the strong cyto-
toxic impact by inducing an effective pro-
survival pathway involving NF-kB (Car-
neiro et al., 2009). NF-kB is one of the
central transcription factors for induction
of antiapoptotic genes, e.g., the Bcl-2,
that prevents the death of Shigella-in-
fected cells. This prolonged survival of
the host cell allows the bacterium time to
replicate and spread.
This is obviously not the complete
story. In this issue of Cell Host & Microbe,
Bergounioux et al. (2012) present exciting
new findings on how Shigella induces
stress during infection and at the same
time controls the extension of the infected
host cell’s life span. They show that
infection induces breaks in the DNA of
the host cell that is sensed by the cell as
genotoxic stress. Normally, the host initi-
ates a default DNA damage response
program under these conditions which
ultimately would lead to stabilization of
the tumor suppressor protein p53, the
central guardian of DNA integrity. p53 in
turn triggers apoptotic cell death by the
transcription of proapoptotic genes and
also by the direct activation of apoptotic
proteins in the cytosol (Green and
Kroemer, 2009). But this is not the case
in Shigella-infected cells. Although the
signaling upstream of p53 is as expected,
p53 itself is not stabilized but rather
degraded in infected cells. And thisCell Host & Microbe 1degradation is crucial for the survival of
the host cell, since p53 would otherwise
induce apoptotic death of the infected
cell and abrogate the bacterial life cycle
(Figure 1). Intriguingly, p53 uses the
NF-kB pathway in infected cells to down-
regulate the antiapoptotic Bcl-2 gene
rather than inducing proapoptotic genes.
In other words, if p53 was not de-
graded, the central prosurvival pathway
in Shigella-infected host cells would be
converted to a prodeath pathway.
But how are p53 levels downregulated?
Shigella uses the cellular protease calpain
that cleaves p53 and thereby initiates its
complete degradation. Shigella specifi-
cally supports calpain activation by inject-
ing VirA, an essential virulence factor
involved in the uptake, motility, and cell-
to-cell spread of Shigella, into the host
cell. VirA directly binds the calpain inhib-
itor calpastatin and directs it to degrada-
tion, which then liberates the calpain
protease for activation. This VirA-directed
calpain activation is not just important to
prevent p53 from inducing apoptosis,
but Shigella also needs calpain for
invading epithelial cells at the very initial
step of infection.
Up to this point one could think that
activation of calpain is solely an effective
subversion mechanism used by Shigella
to trigger its own entry into the cell and
prevent p53-mediated killing. However,
there is another, unexpected aspect that
puts calpain activation back to being
a host defense mechanism. Calpain itself
is an effector of the nonapoptotic, ne-
crotic type of cell death that kills infected
epithelial cells at later time points
(Figure 1). The onset of this calpain-medi-
ated late cell necrotic death dramatically
limits Shigella replication, indicating that
calpain activation is a double-edged
sword: it helps Shigella to use the epithe-
lial cell for replication early after infection1, March 15, 2012 ª2012 Elsevier Inc. 219
Figure 1. VirA-Activated Calpain Controls Shigella Entry and Host Cell Survival
Upon contact with epithelial cells, Shigella injects via its type III secretion system several proteins that trigger the uptake of the bacteria. Bacterial VirA activates
calpain that supports the uptake of Shigella. Uptake is accompanied by massive DNA damage followed by the upregulation of p53. Under these conditions, p53
would activate apoptotic cell death to destroy the damaged cell. VirA-activated calpain, however, degrades p53 and thus keeps the cell alive to allow replication
of Shigella in the cytosol of the host cell for some time. NF-kB is activated in Shigella-infected cells and may play a dual role: in the presence of p53 it supports
apoptosis, but since p53 is degraded, NF-kB transiently protects the mitochondria from severe damage that would lead to the breakdown of the membrane
potential by the opening of the permeability transition pore complex (PTPC). Ultimately, sustained calpain activity and PTPC opening lead to the host cell under-
going a necrotic type of cell death that limits the replication of Shigella.
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of the cell’s life.
Several aspects of the very complex
interplay between Shigella and its epithe-
lial host cell presented in Bergounioux
et al. (2012) are new. p53 has been
intensively studied as a human tumor
suppressor that induces cell-cycle arrest
and cell death to prevent cell transforma-
tion. Also, a function of p53 in antiviral
innate immune response to limit viral repli-
cation has been established (Rivas et al.,
2010). The example here suggests that
p53 may, if not actively counteracted,
also play a role in restricting replication
of intracellular bacteria, especially if the
infection is associated with genotoxic
stress. Although the mechanism of how
Shigella induces genotoxic stress is not
known, it may depend on the ability of
these pathogens to induce oxidative
stress by damaging the mitochondria
(Carneiro et al., 2009). Numerous other
bacteria induce mitochondrial oxidative
stress (Rudel et al., 2010), which may
damage DNA and induce the p53220 Cell Host & Microbe 11, March 15, 2012pathway to apoptotic cell death. It is
therefore possible that the p53 pathway
is a so far underestimated target for
bacteria that induce oxidative stress and
depend on viable host cells for replication.
A recently published example also points
in this direction. Helicobacter pylori,
although not an intracellular pathogen,
targets p53 by injecting the bacterial
CagA protein to downregulate the
apoptotic response (Buti et al., 2011).
Furthermore, the Shigella example dem-
onstrates that the well-known role of
calpain in the execution of necrotic cell
death (Vandenabeele et al., 2010) also
(or perhaps even primarily) constitutes
a defense mechanism restricting intracel-
lular growth and spread of bacteria.
Several questions arise from this work.
Why does Shigella induce genotoxicity in
the first place, and what are the mecha-
nisms? Which are the targets of VirA-acti-
vated calpain for bacterial entry versus
necrosis, and how is their processing
spatially and temporally controlled?
Another open point relates to the tumorª2012 Elsevier Inc.cells used as infection models in this
study. These cells are notoriously defec-
tive in p53 signaling and are frequently
mutated in cell death signaling pathways.
The clinical picture of shigellosis with
massive loss of gut epithelial cells clearly
implies infection-induced cell death in
these cells as a major pathogenicity
mechanism. But the nature and kinetics
of the complex pro- and anti-cell-death
signaling events still need to be con-
firmed in the fully polarized gut epithe-
lium. And finally, p53 is known to play
multiple roles in cell survival, like the
control of glucose metabolism under
certain stress conditions (Bensaad and
Vousden, 2007). For Shigella, survival
and multiplication may thus not just be
a question of life or death of their host
cell, but also of shaping their nutritional
environment.ACKNOWLEDGMENTS
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Rubicon is a protein known to engage the Beclin-1/Vps34-PI3K/UVRAG complex and inhibit endosome and
autophagosomal fusion with lysosomes. Yang et al. (2012) uncover new roles for this adaptor protein within
noncanonical p22phox or CARD9 complexes that regulate oxidative and cytokine responses in activated
macrophages, respectively. Both complexes impact pathogen-specific host defense.Few metazoan cells exhibit the biosyn-
thetic and biodestructive potential of
an activated macrophage (MacMicking,
2009). These tissue-adapted phago-
cytes not only sample and digest their
internalized prey, but also integrate an
assortment of environmental signals
and secrete upwards of a 100 chemically
distinct bioactive products, ranging from
cytokines, chemokines, and other solu-
ble messengers to diatomic gasses,
antimicrobial peptides, and cell matrix
proteins (Nathan, 1987). Such a startling
array of products helps mobilize immune
responses at the beginning of infection,
aids resolution once infection is cleared,
and may limit tissue damage through-
out. In this way, macrophages serve
as key players both in classical host
resistance to infection as well as the
emerging concept of disease tolerance
(MacMicking, 2009; Medzhitov et al.,
2012).
A major question is, how are such
diverse processes deployed and hierar-
chically coordinated within macro-
phages? Part of the answer now lies
with a versatile adaptor protein called
Rubicon, which, like its historical Romannamesake, defines a boundary that
when crossed often leads to a point of
no return—in this case, armed conflict
with bacterial, fungal and viral pathogens.
Two papers in this issue of Cell Host
and Microbe provide examples of how
Rubicon manages to integrate different
environmental signals for orchestrat-
ing pathogen-selective macrophage re-
sponses (Yang et al., 2012a, 2012b)
(Figure 1). Such selectivity relies on Rubi-
con’s ability to assemble or disassemble
different immune complexes following
detection of bacterial, fungal, or viral
ligands (called ‘‘pathogen-associated
molecular patterns,’’ or PAMPs) by a set
of germline-encoded pattern recognition
receptors (PRRs). These PRRs are distrib-
uted either on the macrophage surface,
within the cytosol, or inside membrane-
bound compartments where they engage
different PAMPs. Here, the authors
found Rubicon operates downstream of
three specific PRRs: Toll-like receptor-2
(TLR2), which detects bacterial lipopro-
teins and yeast cell wall zymosans
primarily at the cell surface; Dectin-1,
which engages fungal b-glucans in the
same location; and the retinoic acidinducible gene, Rig-I, which senses
double-stranded viral RNA in the cytosol.
Under basal conditions, Rubicon nor-
mally acts as a negative regulator of the
Beclin-1/Vps34-class III phosphatidylino-
sitol-3-kinase (PI3K)/UVRAG complex
required for fusion of endosomes and
autophagosomes with lysosomes (Mat-
sunaga et al., 2009; Zhong et al., 2009)
(Figure 1). Rubicon confers these effects
by interfering with Vps34 lipid kinase
activity and sequestering UVRAG from
class C VPS, the latter of which acts as
a Rab7 guanine nucleotide exchange
factor to load GTP onto the Rab7 GTPase
for stimulating late endosomal fusion
(Zhong et al., 2009; Sun et al., 2010).
In activated macrophages, however,
Rubicon is called upon to perform addi-
tional tasks, helping assemble two new
autophagy-independent complexes that
appear critical for host defense. The first
of these complexes involves Rubicon
binding to p22phox following TLR2 stimu-
lation to promote oxidant killing of
bacteria (Yang et al., 2012a) (Figure 1).
p22phox is a component of several
NADPH oxidases (NOXs) responsible for
generating the superoxide anion (O2
)1, March 15, 2012 ª2012 Elsevier Inc. 221
